BACKGROUND & AIMS:
There are few data from longitudinal studies of trends in primary biliary cholangitis (PBC) among patients under routine clinical care in the United States. We collected data from the Fibrotic Liver Disease consortium to investigate changes in the incidence and prevalence of PBC and the effects of patient demographics, clinical features, and treatment on mortality.
METHODS:
We collected demographic and clinical data for the general patient population as well as PBC patients receiving care from 11 health systems in different regions of the United States (Northeast, Midwest, Northwest, and South) from January 1, 2003, through December 31, 2014. Annual percentage changes in PBC prevalence and incidence were estimated using join-point Poisson regression. Differences based on race, age, and gender were calculated with rate ratios. All-cause mortality was estimated using Cox regression with adjustment for patient characteristics and treatment with ursodeoxycholic acid (UDCA). Propensity scores were used to adjust for treatment selection bias. Analyses were adjusted by geographic regions.
RESULTS:
In our racially diverse cohort of 3488 patients with PBC (21% Hispanic, 8% African American, 7% Asian American), 70% had ever received UDCA. From 2006 through 2014, the prevalence of PBC increased from 21.7 to 39.2 per 100,000 persons. Adjusted annual percentage changes in prevalence differed among age groups (£40 y, 41-50 y, 51-60 y, 61-70 y, and >70 y), ranging from 3.0% to 7.5% (P < .05). Incidence did not change significantly during the study period (4.2 vs 4.3 per 100,000 person-years in 2006 and 2014, respectively; P [ .98). Ratios of prevalence for women vs men (3.9:1) and incidence for women vs men (3.2:1) were consistent over the study period. Among African Americans, the prevalence of PBC increased from 16.9 to 30.8 per 100,000 during the study period, and annual incidence ranged from 2.6 to 6.6 per 100,000 person-years. In adjusted analyses, an increased level of alkaline phosphatase at baseline was associated with significantly higher mortality (adjusted hazard ratios [aHR], 1.24; 95% CI, 1.04-1.48 for patients with levels 1-2 times the upper limit of normal and aHR, 2.27; 95% CI, 1.88-2.73 for patients with levels more than 3 times the upper limit of normal). UDCA treatment was associated with significantly reduced mortality (aHR, 0.57; 95% CI, 0.52-0.64).
T here are currently no longitudinal studies of trends in primary biliary cholangitis (PBC) epidemiology among patients under routine clinical care in the United States. The Fibrotic Liver Disease (FOLD) Consortium recently reported an overall 12-year period prevalence of PBC of 29.3 per 100,000 persons 1 ; this prevalence varied significantly by US census region and by patient demographics. Although there are few studies of PBC trends in the United States, studies from Europe and Asia reported a generally steady to slightly increasing PBC prevalence in the past decade, with roughly 4 to 9 times higher prevalence among women compared with men. 2, 3 However, because these studies used data drawn from national registry databases with varying case ascertainment and data collection methodologies, results have not been consistent, and their generalizability to the US population is unknown.
Lifelong treatment with ursodeoxycholic acid (UDCA) is recommended for all PBC patients. UDCA has been shown to improve clinical outcomes, particularly when treatment commences in the early stages of the disease before the development of cirrhosis. A recent review of data derived from clinical trials found no benefit of UDCA treatment on mortality, 4 whereas a large US placebocontrolled study with 3 years of follow-up evaluation showed that UDCA treatment improved survival. 5 A recent major editorial 6 emphasized the value of "real world evidence" regarding drug efficacy, particularly with regard to optimum dosages, patient subgroups, and long-term outcomes, because comorbidities and treatment adherence may differ substantially in the real world compared with clinical trials. However, there are little data regarding the impact of PBC treatment on mortality among patients under routine clinical care in the United States.
The FOLD Consortium was established to address this knowledge gap in PBC epidemiology, natural history, and treatment among patients under routine care in the United States. In the present analysis, we used data from the FOLD cohort to investigate the following: (1) changes in incidence and prevalence of PBC over time, (2) the influence of patient demographics on those trends, and (3) the impact of patients' clinical characteristics and receipt of UDCA treatment on all-cause mortality.
Methods
The FOLD Consortium has been described previously. 1 Briefly, FOLD comprises 11 geographically diverse health systems, representing 4 US Census Bureau-defined regions of the United States (Northeast, Midwest, Northwest, and South). All sites are members of the Health Care Systems Research Network, sharing a common data structure that permits efficient sharing of electronic health record (EHR)-based data. FOLD follows the guidelines of the US Department of Health and Human Services for the protection of human subjects. The study protocol was approved by the Institutional Review Board of each participating site. All authors had access to the study results, and reviewed and approved the final manuscript.
We previously developed and validated an automated Classification and Regression Tree method 7 for accurately identifying PBC patients using EHR data. 1 Classifier variables included the following: (1) an antimitochondrial antibody (AMA)-positive test with at least 1 PBC diagnosis code; (2) an AMA-positive test with a recorded alkaline phosphatase (ALP) level >150 IU/L (in the absence of a PBC diagnosis code); or (3) the presence of 2 PBC diagnosis codes (in the absence of an AMA-positive result). This classification model was validated using 8 independent FOLD data sets, and had an area under the receiver operator characteristic curve value of more than 93% (which is considered excellent classification accuracy).
Data Collection and Trend Analysis for Trends: 2006-2014
Patient demographic data-age category at index date (40, 41-50, 51-60, 61-70, and >70 y), race (black/African American, Asian American/American Indian/Pacific Islander [ASINPI], white, and other/ unknown), and region (Midwest, South, West, and Northeast)-were collected for both PBC cases and the overall health system populations. Retrospective data were collected from January 1, 2003, through December 31, 2014. Calculations of prevalence and incidence were begun 3 years into the study period (from 2006 onward) to allow a wash out period, following an approach proposed by Lleo et al. 3 Patients diagnosed before 2006 were captured in PBC prevalence estimates for later years if they remained in a FOLD health system. The index date was defined as the earliest date of either PBC diagnosis or AMA-positive test result during the study period. Prevalence for a given year included all living PBC cases with an index date through December 31 of that given year. Incidence for a given year was calculated based on the number of PBC cases whose index date fell into a given year. Individual patients were included in the denominator for all years in which they had an encounter with a FOLD health system, as well as any years between their first and last encounter regardless of whether they had a health system encounter. Finally, we plotted the observed overall rates of PBC prevalence and incidence by time, as well as those rates by age, gender, and race.
Join-point modeling was used to study the dynamics of longitudinal trends in prevalence and incidence. We adapted and extended a 2-step join-point Poisson regression modeling approach 8 by fitting a series of straight lines on a log scale to the trend; each join-point represents a statistically significant (P < .05) change in trend (ie, slope of the line segment). For example, a single join-point splits the trend line into 2 line segments, whereas zero join-points indicates that the best fit to the trend consists of only a single line segment. In the first step, we identified the optimal join-point(s) using a nonlinear modeling approach. Next, multivariable analyses were performed based on the selected join-point(s) as well as potential stratification variables. Interactions were tested only for individual variables that were significant. Variables were retained in the final model if the estimated annual percentage changes (APCs) before and after the join-point were significant (P < .05). We also evaluated whether the APC of each line segment differed from no change (APC ¼ 0). Variables were retained in the adjusted analyses if they had either a significant individual effect on the trend or showed a variable-by-time interaction (P < .05). Rate ratios (RRs) based on adjusted analyses were used to test trend differences between groups across time. SAS version 9.4 (SAS Institute, Inc, Cary, NC) was used for all analyses. Study site/geographic region was included in all analyses as a stratification variable, including any possible time-byregion interactions.
Data Collection and Analysis for Ursodeoxycholic Acid Treatment and Overall Mortality: 2004-2014
Time-to-event outcome and Cox regression model were used to study the impact of treatment on all-cause mortality. Time was measured from the initial PBC diagnosis date (index date) until date of death or last encounter before December 31, 2014. Because our earliest index date (2003) also captured patients with pre-existing PBC, we included only patients with index dates of 2004 and later in mortality analyses. Index date covariates included ethnicity (Hispanic, non-Hispanic) and age category (40 and 41-50 [combined], 51-60, 61-70, and >70 y), as well as laboratory results categorized in relation to normal ranges as defined at each site. Supplementary Table 1 describes the categories used for ALP, total bilirubin, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and the ratio of AST to ALT (ratios 1.1 have been shown to indicate cirrhosis). 9 UDCA treatment (presence/absence) was collected using EHR outpatient prescriptions and pharmacy fill data.
To control for differences in demographic and clinical characteristics between patients who did and did not receive UDCA treatment (treatment selection bias), 1 we used a logistic regression model with UDCA as an outcome of interest and baseline variables as covariates to impute an inverse probability of treatment weighting score-a weighted propensity-score approach. 10 Treatment selection bias is considered to be controlled if there are no significant differences between patients who did and did not receive treatment after propensity score adjustment. Albumin results were used in propensity score estimation, but excluded from the mortality analyses because of a large proportion of missing data.
Multivariable Cox regression with propensity-score adjustment was used to estimate adjusted hazard ratios (aHRs) for all variables retained in the final model. Forest plots were used to illustrate risks/benefits associated with index covariates and UDCA treatment. We performed an ad hoc analysis to test the UDCA benefits across age groups, as well as a sensitivity analysis using a subset of PBC patients (n ¼ 1450) for whom chart abstraction (including UDCA treatment data) was complete. We also studied whether there was an association between ALP levels at diagnosis and index year. Table 1 and Figures 1 and 2 present yearly unadjusted PBC prevalence rates for the FOLD health system population from 2006 to 2014, overall and by age, gender, and race. Over the study period, PBC prevalence increased significantly from 21.7 to 39.2 per 100,000. Prevalence increased from 33.5 to 57.8 (72% increase) per 100,000 among women, and from 7.2 to 15.4 (114% increase) per 100,000 among men. Similar but smaller increases were observed across age categories and racial groups.
Results

Trends in Primary Biliary Cholangitis Prevalence: 2006-2014
No join-point was identified in the prevalence trend, indicating that the increase in prevalence (APC) ( Table 2) was steady across time. The overall APC was 5.8% (95% CI, 5.8-6.3). When adjusted for region and other covariates, adjusted APC (aAPC) differed significantly by age category; aAPCs were roughly 7% in the youngest and oldest patients, and 3% to 4% in patients ages 51 to 70, indicating that prevalence increased more rapidly among some categories than others.
In trend analyses, RRs (Table 2) indicated that the increasing trends in prevalence were consistent within gender and racial groups from 2006 to 2014; prevalence in women remained roughly 4 times as high as in men (RR, 3.8). Likewise, prevalence in African Americans was consistently lower than in white patients (RR, 0.66), and in ASINPI vs white patients (RR, 0.77). However, rate ratios varied across time for age categories, indicating that prevalence changed more in some groups than in others. In 2006, the rate ratio was significantly higher for patients ages 61 to 70 vs those >70 years (RR, 1.3); by 2014, the difference was no longer significant (RR, 1.0). Table 1 and Figures 1 and 2 present yearly unadjusted PBC incidence rates, overall and by age, gender, and race. From 2006 to 2014, overall incidence did not vary significantly (from 4.2 to 4.3 per 100,000). Incidence was higher among known risk groups (patients ages 61-70, women, and white patients showed a higher incidence than patients in other age categories, men, and in ASINPI and black patients, respectively), but remained consistent across time for all subgroups. No join-points or trends in incidence were detected over time (unadjusted APC, 0.0% [-1.4 to 1.4]; aAPC, 1.6% [-0.2 to 3.5]) ( Table 2 ), indicating that incidence was steady over the study period. RRs for incidence were consistent across time for age, gender, and race categories (Table 2 and Figure 2 ). The ratio for incidence rates remained roughly 3 times higher for women than for men (RR, 3.2). Ratios were similar between ASINPI and white patients (RR, 1.05), but were significantly lower for African American than for white patients (RR, 0.83). Across the study period, rate ratios for incidence remained steady and significantly higher for patients ages 61 to 70 vs patients >70 years (RR, 1.33), indicating that, despite increasing prevalence among patients >70 years, rates of PBC diagnosis are still highest among patients ages 61 to 70 years.
Trends in Primary Biliary
Cholangitis Incidence: 2006-2014PBC Prevalence and Incidence by Year: Overall and by Age Category at Index Date, Gender, and Race: 2006-
Impact of Baseline Patient Characteristics and Ursodeoxycholic Acid Treatment on All-Cause Mortality
A total of 3488 PBC patients had an index date between 2004 and 2014. Of them, 2359 patients (70%) had a record indicating any receipt of UDCA and 744 (21%) NOTE. Asterisk (*) is used as a multiplication symbol (1-2 times the upper limit of normal). LLN, lower limit of normal; ULN, upper limit of normal.
had died. Table 3 presents patient characteristics by UDCA treatment status (ever-treated vs never-treated). After propensity score adjustment, there were no significant differences in treatment status by patient characteristics. Multivariate Cox regression ( Figure 3) showed that age at index date, gender, ALP level, bilirubin level, AST/ ALT ratio, and UDCA treatment status were associated significantly with overall mortality. Mortality was higher in men than in women (aHR, 1.48 [95% CI, 1.29-1.70]) . Likelihood of death increased with ALP level increase at index date; patients with ALP levels 3 times the upper limit of normal were more than twice as likely to die as patients with a normal ALP level. Likewise, patients with increased bilirubin level (categories >1.0 mg/mL) were 2 to 3 times more likely to die than patients with lower bilirubin levels (<1.0 mg/mL). Patients with AST/ALT ratios 1.1 were at 2.6 times the risk of death than patients with lower ratios (aHR, 2.57 [2.26-2.92]). Race was not associated significantly with mortality. Treatment with UDCA was associated with significantly reduced mortality (aHR, 0.57; 95% CI, 0.52-0.64). These benefits were observed in all age groups (aHRs range, 0.27-0.53) (Supplementary Methods section and Supplementary Table 1) .
A subgroup analysis (n ¼ 1450) based on patients with completed chart abstraction showed that more than 79% of patients had been treated with UDCA and showed an even stronger effect of UDCA status on mortality; after adjustment for other covariates, treatment was associated with a 52% reduction in mortality (aHR, 0.48; 95% CI, 0.37-0.63). We also performed an ad hoc analysis in which we observed that, over the study period, average ALP levels were lower as index years (date of diagnosis) progressed, suggesting diagnoses earlier in the disease process.
Discussion
From 2006 to 2014, we observed a significant increase in the prevalence of PBC, without a concomitant increase in incidence. This phenomenon suggests that patients are living longer with the disease and/or being diagnosed earlier in the disease process. We did observe that prevalence increased more rapidly among patients 50 and >70 years old than among patients ages 51 to 70 years. In an ad hoc analysis, we also found a trend toward patients being diagnosed with less increased ALP levels across the study period (data not shown). Altogether, our findings suggest improvements in both early diagnosis and reduced mortality among PBC patients under routine clinical care in the United States.
PBC prevalence and incidence among white and ASINPI patients in our US cohort were higher than those reported in Europe and Asia, respectively, among studies using analytical approaches similar to our own. 2, 3 Nevertheless, our findings are consistent with those of other US-based studies. For example, we observed prevalence rates in white patients (29.0 per 100,000 in 2006, and 46.0 per 100,000 in 2014) that were comparable with those reported in a primarily white population from Olmsted County, Minnesota (40.2 per 100,000).
11
Given that our sample was drawn from a geographically diverse group of nontertiary care health systems, Figure  3 . Multivariable Cox regression: aHRs for all-cause mortality. UDCA treatment status is propensity score-adjusted (see Table 3 ). Bilirubin units are provided in IU/ mL. Normal was defined by the manufacturer of the assay used at each site. Age category is defined at index date. LCL, lower confidence limit; UCL, upper confidence limit; ULN, upper limit of normal. *, 1-2 times the upper limit of normal.
our incidence and prevalence estimations may be generalizable to the US population.
After age category, gender was the strongest patient characteristic related to PBC prevalence and incidence (Figures 2 and 3) . The ratios of women to men in both prevalence (3.9:1) and incidence (3.2:1) were stable across time; these findings also were consistent with recent reports from Europe. 3 A similar incidence ratio (4:1) was observed in The Netherlands 12 from 2000 to 2008. However, a recent study from South Korea reported a much higher incidence ratio between women and men (7.3:1) ; in that study, the RRs also remained consistent for women vs men across time. 2 We report trends in PBC epidemiology among African Americans under routine clinical care. The prevalence and incidence of PBC among African American patients was lower than in white patients in our cohort, but was not insignificant. It is not clear if these findings reflect a difference in susceptibility or a lack of clinician awareness regarding the occurrence of PBC in African Americans. 13 Goldberg et al 14 recently observed that another autoimmune biliary disease-primary sclerosing cholangitis-likewise may be underdiagnosed among African Americans.
We detected region-by-time interactions in PBC incidence. However, interpretation of these findings is complicated by the dynamic nature of the site variable. Health systems may undergo restructuring and merging; accepted health insurance programs (private as well as Medicaid) also may change over time, affecting the profile of patients seen within each system. For these reasons, we included geographic region as a stratification variable rather than considering it a risk factor.
We believe there is a benefit of UDCA treatment on all-cause mortality in PBC patients under routine care. After propensity score adjustment to control for treatment selection bias, and adjustment for region and other index covariates, we found that gender, ALP level, total bilirubin level, AST/ALT ratio, and UDCA treatment were independent risk factors for all-cause mortality. Our analysis showed a 43% reduction in mortality among UDCA-treated patients vs those who were untreated (aHR, 0.57; 95% CI, 0.52-0.64). This UDCA effect was confirmed by a sensitivity analysis based on a subgroup of PBC patients with detailed data drawn from complete chart abstraction; after adjustment for other covariates, treatment was associated with a 52% reduction in overall mortality (aHR, 0.48; 95% CI, 0.37-0.63). Although our earlier research found that African American PBC patients were less likely to receive UDCA treatment, 1 race was not a significant predictor for overall mortality in the current analysis.
Our analysis also showed that men with PBC were at higher risk of death than women (HR, 1.3 [95% CI, 1.14-1.67]). This finding is consistent with results from Europe 3 and Canada. 15 However, the effect we observed was weaker than that found in these other studies. One explanation is that our analysis has adjusted for clinical factors, such as age category at index date. In our earlier report, we observed that men were less likely to receive UDCA, and less likely to respond to UDCA when treated.
Increased ALP and bilirubin levels have long been recognized as markers of PBC severity 9 ; consistent with this observation, we found that these factors were associated with an increased risk of death in our cohort. Likewise, our finding that age at diagnosis was associated with higher mortality also is consistent with previous findings. 16 A ratio of AST/ALT 1.1 has been shown to be an indicator of cirrhosis in PBC patients. 9 We believe our study shows that this increased ratio is also a risk factor for all-cause mortality. Future analyses will examine whether a more comprehensive investigation of laboratory results, alone or in combination (eg, GLOBE scores 17 ), as well as detailed UDCA treatment (eg, dose, duration), will have prognostic utility.
An unavoidable limitation of any health system-based cohort study is that persons without health coverage are not represented. However, the FOLD health systems include privately insured, Medicare, and Medicaid patients, thereby representing a broad cross-section of the socioeconomic distributions of their geographic areas. Given that our sample was drawn from a geographically diverse group of nontertiary care health systems, our estimates may be generalizable to the US population.
Another limitation of our study was that there was a large proportion of missing data at the index date. To account for this, missing data were included as a category (unknown) in both propensity score matching and multivariable analyses of UDCA treatment status for all patients. Although missing data may complicate propensity score adjustment for treatment selection bias, the proportions of unknowns were comparable between treated and untreated patients, and we believe it was unlikely to have impacted our results significantly. In a sensitivity analysis, we found that patients of unknown race were younger and less likely to be treated with UDCA, but we did not observe any differences in clinical markers of PBC severity such as ALP and bilirubin. It is possible that unknown laboratory test results, especially for ALP, could be owing to low awareness of PBC among primary care physicians and/or a lack of patient access to specialty providers who treat PBC patients. Interestingly, a recent cohort study of individual PBC patients from 15 North American and European sites found that roughly a quarter of patients were missing ALP and bilirubin results. 18 We expect that ongoing chart abstraction will greatly reduce missing data in future FOLD analyses.
Our preliminary data set contained only ever/never use of UDCA; future analyses will include more comprehensive treatment data, including timing, dosage, and duration of use, as well as investigate any possible interactions between UDCA and other variables. We also note that, although the rate of false-positive PBC cases identified by our automated algorithm had little impact on our prevalence estimates, 1 it is likely that any such cases fell into the never-treated category, potentially inflating the proportion of patients we observed who did not receive UDCA. Our subgroup analyses of patients with completed chart abstraction found that 79% of patients had ever received UDCA treatment. This is comparable with the 85% treatment rate observed in the Global PBC study group, which is dominated by referral liver centers. 18 The slightly lower treatment rates we observed may reflect our consortium's routine clinical care setting; only 3 sites (serving 16% of patients) include liver specialty centers. 1 In summary, the FOLD Consortium characterizes trends in PBC prevalence and incidence as well as the impact of UDCA treatment on mortality across a geographically and racially diverse sample of US patients. Our findings suggest improvements in reduced mortality, especially in UDCA-treated patients, as well as earlier diagnosis among PBC patients under routine clinical care in the United States.
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